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® Non-porous collagen sheet for therapeutic use, and the method and apparatus for preparing it 

@ Type I collagen gel with an H2O content not 
exceeding 20% by weight, in the form of a sheet of 
thickness between 0.02 and 2 mnn, of compact 
transparent structure, with a capacity for absorbing 
aqueous biological liquids limited to a maximum of 
15 times its weight, being free from native collagen 
degradation products, and suitable for the therapeu- 
tic treatment of wounds and burns. 
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Collagen is a scleroprotein widespread in na- 
ture. It represents about one third of tlie total 
proteins of the human body. 

Medical practice has recently seen the intro- 
duction of the use of collagen as a stimulating 
agent in the cicatrization process involving an inter- 
action effect with various growth factors, because 
of its capturing action on fibronectin, a glycoprotein 
which promotes cell attachment and the migration 
and replication of the resultant cells (see "II col- 
lageno nella cicatrizzazione" by B. Palmieri, publ. 
Artestampa, January 1990, pp. 40-42) and other 
actions which are still not totally clear. The known 
collagen product, using a particular non-denaturing 
process, is prepared in stable form by a process of 
extraction fronn animal organs rich in this 
scleroprotein, purification and subsequent 
lyophillzation. 

The final product is In the form of mats of 
greater or lesser thickness, characterised by high 
absort)ent power (exudates and liquids in general) 
because of its structure in the form of fibres which 
are spaced apart and branched in such a manner 
as to make a large specific surface available for 
absorption (up to 50 times Its weight). The hydro- 
phi lie nature of collagen also greatly favours this 
absorbent power. 

In addition to the aforesaid function, the role of 
collagen in cicatrization is characterised by 
collagen/platelet interaction and the formation of a 
bond between the collagen, the fibronectin and the 
growth factors, molecules which are known to be 
implicated in regulating the cicatrization process 
(see pages 45-46 of the aforesaid text). 

There are however cases In which the absor- 
bent formation of the collagen sponge and its hy- 
drophilic nature lead to an excessive loss of phys- 
iological liquids. It is well known that an evaporation 
process normally occurs through the undamaged 
skin, and this increases considerably in the case of 
skin lesion, resulting in dehydration of the under- 
lying layers. The phenomenon is accentuated for 
example in burn cases, when large skin portions 
are damaged traumatically. In this case the absor- 
bent effect of lyophilized collagen further increases 
the process of evaporation, with consequent dam- 
age to the underlying structure. 

The present invention provides a product which 
while maintaining the rapid cicatrization characteris- 
tics of collagen, at the same time prevents exces- 
sive evaporation, allows constant inspection of the 
bed of the wound without having to be removed 
(transparency), is simple and practical to use, ad- 
heres satisfactorily to the injured surface, does not 
require frequent replacement, can transpire to allow 
oxygenation of the bed of the wound while prevent- 
ing its contamination by bacteria, is absorbable but 
not soluble in the biological liquids with which it 
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comes into contact, unless by specific enzymatic 
action, and Is structurally homogeneous. 

Another important characteristic of the collagen 
according to the invention is that of being suitable 

5 as interposition material for preventing accretions in 
the internal surgery operations. 

To obtain a product with these characteristics, 
type I collagen was used as defined in Table 1 on 
page 3 of the aforestated text, this having the 

10 characteristic of being insoluble in the various 
types of biological liquids. Type I collagen present 
in the skin represents about 80% of the total lo- 
cated in the deep dermis, 90-95% in the tendons 
and 100% in the bones. Type I collagen is there- 

75 fore the most biologically similar to that present in 
the human skin. 

Because of its insolubility, in order to obtain a 
product of homogeneous structure, use was made 
of the known method of dispersing fibrous collagen 

20 in a dilute acetic acid solution of about pH 2.5 and 
maintaining agitation until a good dispersion of the 
collagen fibres in the liquid is obtained. At this pH 
value the fibres swell to form a gel. The gel ob- 
tained, still comprising fibre fractions which have 

25 not completely gelled and possibly corpuscles of 
extraneous substances, is further diluted with an 
acetic acid solution of pH 2.5-3.5 until a sufficiently 
fluid mass is obtained, which is then filtered. 

The filtering, which is done under vacuum. 

30 uses a special filter, Indicative (but not limitative) 
characteristics of which are given hereinafter, and 
allows practically total elimination of the inevitable 
air bubbles which form during gelling and are dif- 
ficult to eliminate given the viscosity of collagen 

35 gel. 

By the effect of the vacuum, which has to be of 
the order of 30 mmHg residual pressure, these 
bubbles increase their volume, the passage 
through the mesh then breaks down and eliminates 

40 them. It has been found experimentally that the 
best filtration conditions to achieve the described 
phenomenon are a gel temperature of 10-30'C. 
preferably 25-28 'C, and a residual vacuum of 20- 
60 mmHg. preferably about 30 mmHg. 

45 These data are indicative and have been found 

experimentally to be the most effective, although 
not representing a limitation on the operating con- 
ditions of this process. 

The filtered gel is collected in a closed vessel 

50 maintained under vacuum and constructed in such 
a manner that the filtered gel runs along vessel 
partition walls located below the filter mesh and 
structured to produce a continuous liquid film 
which does not allow further air absorption after 

55 filtration, following inclusion of air bubbles. 

The filtered gel is further maintained under 
vacuum at 20-25 mmHg for a further hour to allow 
total elimination of any air bubbles which may still 

2 
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be present in the gel. 
FILTER APPARATUS 

The filter required for filtering the collagen gel, 
which besides eliminating the solid particles, which 
are retained on the mesli, also eliminates the air 
bubbles contained in it, consists of an upper cylin- 
drical stainless steel shell provided with a scraping 
stirrer to keep the collagen gel mixed and to re- 
move solid particles from the mesh so that they do 
not clog it. The bottom of the cylindrical shell 
houses a stainless steel mesh with a mesh size of 
less than 0.1 mm (Taurail meshes have been found 
to be particularly effective). 

The lower part (below the mesh) consists of a 
cylindrical shell in which vacuum can be generated 
by a suitable pump. The air bubbles contained in 
the gel which filters through the mesh increase 
considerably in volume because of the vacuum. 

At about 3 mm below the filter mesh there is a 
device consisting of a series of stainless steel 
plates which are vertically or raking placed and 
parallel between them. The filtered gel descends 
along these plates in the form of a continuous 
liquid film and runs by gravity towards the bottom 
of the vessel. 

Those air bubbles which do not break down by 
the effect of the reduced pressure remain mainly in 
the upper part of the device whereas the gel. now 
free or almost free of air, runs to the bottom of the 
vessel. Any very small bubbles still present in the 
filtered gel decrease considerably in volume when 
returned to atmospheric pressure, so that they be- 
come practically absent. 

In this respect, during filtration because of the 
difference between the pressure of the gel environ- 
ment before filtration and the residual pressure 
below the mesh (about 30 mmHg), the bubble 
volume increases more than 25 times. Likewise, on 
passing from vacuum to the environmental pres- 
sure the bubble volume decreases 25 times. Hence 
the air bubbles of diameter less than 0.100 mm 
(advisable mesh passage size) have a diameter of 
less than 0.034 mm when returned to atmospheric 
pressure, ie are practically invisible. During drying, 
these residual bubbles are eliminated without leav- 
ing appreciable craters in the structure of the ob- 
tained sheet. 

This means that extremely uniform thicknesses 
can be obtained over the entire sheet surface, so 
avoiding any porosity which could represent a point 
of preferential attack by enzymatic action, which 
would annul the protectiv effect against invasion 
by micro-organisms. 

DRYING 
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The filtered gel obtained as described, free 
from extraneous particles and air bubbles and per- 
fectly clear and transparent, can then be used for 
preparing films of desired thickness and diameter. 

5 For this, after analysis to exactly determine the 

concentration of the filtered gel, exactly measured 
quantities for obtaining films with the desired col- 
lagen thickness must be metered into suitable con- 
tainers. This metering is generally effected by a 

10 suitable peristaltic pump which prevents incorporat- 
ing air into the gel while at the same time prevent- 
ing heating or friction which could damage the 
structure of the collagen protein. The containers 
are of tray shape and are formed of antiadherent 

75 material. 

The described trays loaded with the gel in a 
controlled environment (relative humidity 60-80% 
temperature 20-22 "C, environment class 10,000 or 
less) are placed in a suitable controlled drying 

20 oven where they are left to stand for at least two 
hours to obtain perfect gel thickness uniformity. 
The oven is purged with a nitrogen stream for 
about 30 minutes to totally eliminate air and re- 
move oxygen, in order to ensure constant operat- 

26 ing conditions and prevent possible oxidation. 

This operation has also been shown to prac- 
tically totally block the growth of micro-organism 
colonies, which sometimes occurs if the procedure 
is carried out with air present in the environment. 

30 Drying is effected in a nitrogen stream under 

closed cycle. 

The drying, being the critical stage for obtain- 
ing films with the desired characteristics, is con- 
ducted under particular conditions in an appropriate 

35 oven shown schematically in Figure 1 . 

In this, the reference numeral 1 indicates the 
drying trays resting on perforated side walls, V 
indicates the fan for circulating nitrogen through the 
apparatus, N2 indicates the nitrogen feed valve, GF 

40 indicates the refrigeration unit with coil, S repre- 
sents a parallel plate device for separating conden- 
sate droplets, Ti indicates a first thermometer. SC 
indicates the condensed water discharge, R in- 
dicates the heating device, I2 Indicates a second 

45 thermometer, h indicates a first hygrometer, MO 
indicates an oxygen meter (analyzer), Sg indicates 
the gas discharge, Tr indicates an overpressure 
trap and I2 indicates a second hygrometer. 

The oven is arranged in this manner to satisfy 

50 the following requirements: 

1) the facility for eliminating air by purging with 
nitrogen to a residual oxygen content of less 
than 2%; 

2) the facility for varying the nitrogen cooling 
55 and heating temperature to a maximum of 

30 'C, to control the relative humidity in the 
drying chamber and the water evaporation rate; 

3) the facility for regulating the rate of nitrogen 

3 
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circulation through the chamber so as not to 
create high flow points and hence maintain a 
uniform drying rate over the entire surface and 
prevent the formation of creases which, besides 
being undesirable from the appearance aspect, 
are an indication of different collagen concentra* 
tions and poor homogeneity of drying (localized 
drying). 

The H2O content of the product must not be 
higher than 20% by weight. It is preferable to 
achieve a higher level of drying (down to 2% or 
3% of H2O), in particular to ensure proper elimina- 
tion of the acetic acid present in the initial gel. The 
dried product obtained easily reabsorbs moisture 
from the environment, while being maintained with- 
in the maximum limit of 20%. 

EXAMPLE 

The conditions found experimentally to be 
most appropriate for conducting a drying cycle are 
given below by way of non-limiting example. 

1st stage: 

Nitrogen purging until the oxygen content is 
less than 1%, standing for two hours to come to 
equilibrium, loaded gel level 10 mm, gel collagen 
concentration 0.5%. 

2nd stage: 

Starting of nitrogen circulation by fan. 
Nitrogen temperature after cooling -5* C (Ti ). 
Nitrogen temperature after heating 26-28" C (T2). 
Time about 12 hours. 

Relative humidity entry to drying region (point h) 
12-14%. 

Relative humidity exit of drying region (point I2) 70- 
80%. 



3rd stage: 

Nitrogen temperature after cooling -15 "C (Ti). 
Nitrogen temperature after heating 26-28* C {T2). 
Time about 12 hours. 

Relative humidity entry to drying region (point h) 
6-7%. 

Relative humidity exit of drying region (point I2) 45- 
50%. 

4th stage: 

Final drying 

Nitrogen temperature after cooling -40 (Ti). 
Nitrogen temperature after heating 26-28 *€ (T2). 
Time about 12 hours. 



5th stage: 

Product discharge, preparation of a new load. 
Complete removal of water from the cooling coil 
5 and purging the oven by nitrogen circulation at 70- 
80 "C for two hours, cooling to 20 'C and loading 
new product. 

The nitrogen flow rate through the drier is 
adjusted on the basis of the required degree of 
10 drying. 

A semi-transparent film with a thickness of 
about 200 micron is obtained. The thickness can 
vary in general between 0.02 and 2 mm. 

This represents a non-specific item for the pur- 
75 poses of the therapeutic application as it deter- 
mines only the product absorption time but not its 
specific characteristics. The degree of drying can 
also vary as stated. 

The characteristics of the film obtained are: 
20 - maintaining of the "native" structure of col- 
lagen fibre (the classical triple spiral structure 
of collagen has been demonstrated by the 
electron microscope) 

- absence of degradation products such as 
25 monomers or dimers of collagen not orga- 
nized into fibrils, or gelatin, an indication of 
potential allergenicity 

- high protein nitrogen content (exceeding 
90%) 

30 - high hydroxyproline content (exceeding 
12%) 

- low absorbent power (about 10-15 times its 
weight against 50 times for the lyophilized 
product of the known art) 

35 - high resistance to enzymatic attack 

- good product transparency 

- excellent plasticity after immersion in phys- 
iological solution. 

The product obtained in this manner is steril- 
40 ized by irradiation with gamma rays and used in 
the treatment of burns and generally all cases of 
skin removal or damage. 

The result is excellent both in terms of toler- 
ance (no case of allergenicity or hypersensitivity to 
45 the medicament has been recorded, the native 
characteristic of the product remaining unaltered 
during the process) and in terms of pain attenu- 
ation. 

The cicatrization time is very rapid and product 
50 absorption considerably longer compared with 
equivalent treatment using lyophilized collagen 
(sponge) and consequently there is lesser need to 
replace it. Exudate loss is very low, and much 
lower than that when using lyophilized collagen. 
56 The transparency of the product means that 

the progress of the injury can be viewed without 
the need to remove the collagen sheet (generally a 
painful procedure). 
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The product can be presented in the form of 
sheets of different dimensions (square, rectangular, 
round, elliptical or others) supported or not sup- 
ported by adhesives (such as plasters) or by 
sheets of inert substances such as nylon, polyure- 5 
thane, polyethylene etc., or associated during the 
drying process, or subsequently, with pharmaco- 
logically active substances. 

Claims io 

1. Type I collagen gel with an H2O content not 
exceeding 20% by weight, in the form of a 
sheet of thickness between 0.02 and 2 mm, of 
compact transparent structure, with a capacity 75 
for absorbing aqueous biological liquids limited 

to a maximum of 15 times Its weight, being 
free from native collagen degradation products, 
and suitable for the therapeutic treatment of 
wounds and burns. 20 

2. A method for preparing collagen gel sheets 
claimed in claim 1 from aqueous diluted col- 
lagen gel of pH 2.5-3.5, comprising filtering the 

gel through a filter surface with a passage size 25 
of less than 0.1 mm, the filter being under a 
vacuum of 20-60 mmHg and provided with a 
device for preventing the Incorporation of gas 
bubbles Into the filtrate, then drying the liquid 
gel contained in trays with a nitrogen stream 30 
under controlled temperature and relative hu- 
midity conditions. 

3. A device suitable for filtering the collagen gel 

in accordance with claim 2, consisting of a 35 
metal mesh with a mesh size of less than 0.1 
mm and provided with a pack of parallel plates 
in the region below the filter mesh, for the 
purpose of conveying the filtrate as a continu- 
ous liquid film. 40 

4. A device suitable for drying the collagen gel in 
accordance with claim 2, comprising a drying 
region for the liquid contained in trays, means 

for circulating a nitrogen stream in closed cir- 45 
cuit through the drying region and through the 
cooling and heating regions, and means for 
controlling the cooling and heating temperature 
to obtain a gas stream of controlled relative 
humidity entering the drying region. so 
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